Abstract: Natural resources are the most limiting factors for sustainable agriculture in Iran. Traditional practices are intensive tillage that leads to a negative impact on crop productivity and soil properties. Conservation agriculture including tillage reductions, better agronomy, and improved varieties, showed encouraging results. The goal of this study was to test combined effect of tillage practices and wheat (Triticum aestivum L.) genotypes on soil properties as well as crop and water productivity. The experiment was conducted at Zarghan, Fars, Iran during 2014-2016. Experimental treatments were three-tillage practices-conventional tillage (CT), reduced tillage (RT), and no tillage (NT)-and four wheat genotypes were randomized in the main and subplots, respectively using split-plot randomized complete block design with three replications. Results showed NT had higher soil bulk density at surface soil, thereby lower cumulative water infiltration. The lowest soil organic carbon and total nitrogen were obtained under CT that led to the highest C:N ratio. Reduced tillage produced higher wheat yield and maize (Zea mays L.) biomass. Maximum irrigation water was applied under CT, which leads lower water productivity. The findings are based on short-term results, but it is important to evaluate medium-and long-term effects on soil properties, crop yields and water use in future.
Introduction
Water and soil resources are the most constraining factors for sustainable agriculture in the arid and semiarid climatic conditions. Application of conservation tillage practices may conserve water and soil when weather and field conditions are critical in intensive cropping systems [1, 2] . Therefore, conservation tillage practices have created counterbalance interest worldwide from agricultural research, and mostly farmers [3] . Areas under conservation agricultural-based tillage practices have been recently increased in Iran [4, 5] . Therefore, investigation about impacts of these new practices on soil properties, water and crop productivity is necessary.
Soil management has an important effect on the soil properties, water dynamics and its efficiencies on crops [6] . The effect of tillage and crop residue mulch on soil bulk density is mainly confined to the top 20 cm of soil [7] [8] [9] . Evidences of some short-to medium-term studies on wheat-based systems, showed that conservation tillage practices (no and reduced tillage) either with partial crop residue or removed, increased soil bulk density on surface soil compared with conventional tillage practices [10] [11] [12] [13] [14] [15] . Li et al. [16] investigated the influence of no tillage and conventional tillage on soil bulk density in a 15-year field experiment. In the first six years, the surface soil's bulk density was significantly lower under conventional tillage. In next five years, soil bulk density of both treatments were similar, and in the last two years, bulk density became slightly lower under no-till.
Tillage practices may also influence the distribution pattern of soil organic carbon (SOC). It was observed higher SOC concentration in the surface layers in no tillage than conventional tillage practice, but a higher concentration of SOC in the deeper soil layers of reduce tilled plots where crop stubbles are incorporated through tillage [8, 9, 17, 18] . Conservation tillage practices are an operative management practices to increase SOC [19] [20] [21] [22] . Conversely, other studies have reported that no tillage without crop residue resulted in lesser or no change in SOC [23, 24] .
The presence of available soil nitrogen for plant uptake depends on the rate of carbon mineralization. In initial years, no tillage practice is generally associated with lower soil available nitrogen because of higher immobilization by the crop residues mulched on the soil surface [25] . In contrast, noticeable increases in total nitrogen have been quantified under both no tillage and permanent raised beds practices with crop residue retention compared with conventional tillage practice [26] [27] [28] . Conservation tillage practices having more soil water retention capacity than the conventional tillage practices due to mulching crop residue on the soil surface by improving the least limit water range [12, [29] [30] [31] . The results of 35 experiments in Argentina presented that in drier soils, no tillage practice had a mean of 13-14% more water root zone than tilled soils [32] . The more water retention under no tillage practice could increase water use efficiency as compared with the conventional tillage practice [33] . However, it [23] showed that the lowest soil moisture content was found under no tillage with residue removal and the highest was achieved under no tillage with residue retention while conventional tillage had intermediate soil moisture values. In a long-term experiment in China and India, the infiltration rate under no tillage with residue retention was higher than conventional tillage and no tillage when crop residue either burnt or removed [13, 23, 27, 29, 34] .
There is a need for conservation tillage practices that include improved varieties as an important component [2] . It was reported that grain yield, and its components of wheat cultivars were significantly affected by interaction between wheat genotypes and tillage practices [35, 36] . Recently, 26 bread and durum wheat genotypes tested under conventional and permanent beds over six years, results showed that number of grains influenced by tillage. It was further confirmed that the combined effect of both genotype and tillage was significant for yield in bread wheat [37] . Contrary, other researchers working on both spring and winter wheat found that varieties with appropriate performance in no tillage practice also properly performed in tilled practice [38] [39] [40] [41] [42] [43] . A study in India, comparing 12 wheat genotypes under conventional and no tillage practices, PBW 443 and HD 2627 cultivars did not perform well under the no-tillage practice, whereas HUW 468, HUW 234, and PBW 343 cultivars had identical performance under both tillage practices [44] . It was concluded that cultivars adapted to no-tillage production practices should be bred and developed under no tillage [45, 46] . These contradictions led us to investigate whether available improved wheat varieties and advanced lines should be performed and responded similarly for each tillage practice in Iran. Therefore, the objective of this study was to evaluate combined effects of different tillage practices and wheat genotypes on grain yield, yield components, water use, and on soil properties.
Materials and Methods

Site Description
The experiment was conducted at the Zarghan Field Station, Agriculture and Natural Resources Research and Education Center of Fars Province, (29 • 47 N, 52 • 43 E, 1604 m a.s.l.), in southern Iran. The soil in this region is classified as a fine, carbonatic, termic, Typic, Haploxerepts with calcareous and gypsiferous alluvium parent materials containing inherent major clorite and illite clay minerals. The silty clay loam topsoil (0-30 cm soil depth) with 39.4% silt, 38.6% clay and 22% sand, with selected background properties. The experimental soil in initial year was slightly alkaline in nature having 7.9 soil pH, 2.94 EC dSm −1 and the 0.96%, 16.4 ppm, 384 ppm were soil organic carbon, available P and K at 0-30 cm of soil depth, respectively. The ground water table of the study area was ranging from 100 to 130 m depending on the elevation and it is depleting at alarming rate annually. The deeper aquifers water quality is poor with saline in nature having pH 7.5-8.5.
Experimental Procedure
This study was conducted in an ongoing experiment setup in 2011 with the same tillage practices (CT, RT and NT) and following the same wheat and maize genotypes. The two years during 2014-2016 of short-term study findings are presented in this article.
The winter and summer crops in the experiment were spring wheat planted in November and harvested in late June for both years, and forage maize cv. Fajr (KSC260) hybrid which was planted in early July and harvested in mid-October as shown in Figure 1 . 
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Experimental Procedure
The winter and summer crops in the experiment were spring wheat planted in November and harvested in late June for both years, and forage maize cv. Fajr (KSC260) hybrid which was planted in early July and harvested in mid-October as shown in Figure 1 . The experiment was designed for a split plot randomized complete block design which has been carried out in 2014-2016. Experimental treatments included three tillage practices (conventional, reduced, and no-tillage) as described in Table 1 , which assigned to main plots and four spring wheat genotypes of Chamran, Sirvan, Picaflor#1, and M-89-10 in subplots. The experiment was designed for a split plot randomized complete block design which has been carried out in 2014-2016. Experimental treatments included three tillage practices (conventional, reduced, and no-tillage) as described in Table 1 , which assigned to main plots and four spring wheat genotypes of Chamran, Sirvan, Picaflor#1, and M-89-10 in subplots. 
Tillage Description
Conventional practice (CT)
Land cultivation was performed using mouldboard plough at 20-25 cm deep ploughing and simultaneously 5-10-cm maize stocks residues (1.0 ± 0.2 t ha −1 ) were incorporated followed by two perpendicular harrow disking and land leveller to make seed bed uniform before planting. Wheat was sown by using the seed drill having press wheel attachment (Bazegar Hamedan seed drill). The land was prepared as above for maize in absence of wheat residue followed the forage maize was sown using row crop planter.
Reduced practice (RT)
Land was cultivated with a composite tiller (a tiller having chiselling furrow opener followed disking and leveller cum compressor), composite tillage which functions for three operations simultaneously. The crop residues were incorporated partially (3.0 ± 0.2 t ha −1 ) into a soil depth of 10-15 cm during land cultivation. The forage maize and wheat seeds were sown as conventional tillage practice.
No-tillage practice (NT)
After harvest of maize, wheat was sown in 20-cm standing maize stocks (3.0 ± 0.2 t ha −1 ) by using no-till crop planter (Sazeh Kesht) without any prior tillage having maize stock retention on the soil surface either anchored or mulch. Similarly, maize was planted under into wheat crop residue approximate 1.5 ± 0.1 t ha −1 using the maize pneumatic double disc-planter (Bertini) under no-till plots after harvest of wheat.
The main plot (tillage) and subplots (wheat genotypes) were randomized and replicated thrice. Individual tillage plot was 25 m length and 27 m in width (675 m 2 plot size), whereas each wheat genotype plot was 150 m 2 (25 × 6-m).
In order to manage crop residue in conservation tillage plots, excess wheat straw was removed by raking out of plots to reach approximately 30% soil surface coverage, which was about 3.0 t ha −1 . To reach the same amount of soil coverage in forage maize, 25-cm of standing maize stubbles (3 ± 0.2 t ha −1 ) were kept after harvest. Each subplot consisting of eight maize rows planted on 75-cm row spacing and plant spacing of 12-cm. Wheat was seeded by using 180-kg seed ha −1 at 20-cm row to row spacing in all plots.
The nitrogen, phosphorus, and potassium nutrients were applied on the basis of a soil test-based recommendation. In both wheat and maize crops, all plots received 150 kg N (as diammonium phosphate and urea) +10.27 kg P (as diammonium phosphate) and no potassium as soil test values showed 384 ppm high available potassium, respectively. In wheat, full dose of P and 1/3rd dose of N were applied at seeding by using seed and fertilizer drill and remaining N was side-dressed in two equal splits at the tillering and flowering growth stages. Similarly, maize plots received full dose of P and 1/3rd dose of N at seeding and remaining N was side dressed in two equal splits at V10-12 and silking growth stages, respectively.
Pests (sunn pests and aphides) and weeds were controlled in the wheat growing season by appropriate, available pesticides and herbicides including Deltamethrin 300 cc ha
). There were not observed any disease on wheat and maize. In the maize growing season, effective herbicides were applied including 2.4-D, 2 L ha −1 (a.i. 480 g L −1 ), and Nicosulforon, 2 L ha −1 (a.i. 750 g Kg −1 ). Gated pipe was used for surface flood irrigation for wheat and maize. In the second year, the winter wheat genotypes were planted exactly similar to the first year and on the same plots.
Soil Sampling
A composite soil sample from four locations in a zigzag pattern (targeting one sample from each sub-plot) were collected from each main plot at 0-30 cm soil depth after wheat harvest at June, 2016 to determine the total organic carbon [47] , total nitrogen [48] , C/N ratio [49] . Soil bulk density [50] was determined by taking soil samples at 0-10 and 11-20-cm soil depths by using a standard core sampler (4-cm-long and 8-cm in diameter) and oven-dried at 105 • C for 48 h. The following equation was used to calculate the soil bulk density:
where: BD = soil bulk density (g cm −3 ), W d = sample oven dry weight (g), and V = sample total volume (cm 3 ).
The cumulative water infiltration (CWI) was measured into soil using a double-ring infiltrometer (ASTM D3385-09) [51] . The double-ring infiltrometer test (DRIT) procedure involved inserting two rings (an outer ring with a 70-cm diameter, and a 50-cm inner ring) into the 5-cm depth of the soil. The outer ring was used to prevent or minimize horizontal water movement during the test. Water was added in both rings and a water stream flow was maintained for a constant head. The volume of water added over time (overall 150 min) was measured to calculate the CWI of the soil.
Irrigation was applied during critical wheat growth stages (initiation of tillering, maximum tillering, flowering, late milking, soft dough, hard dough). The first two irrigations were supplied by rainfall. The volume of water needed for irrigation was determined based on water height (4-cm) in each main plot and it was measured by water flow meter.
Crop Sampling
After wheat physiological maturity, two 1-m 2 quadrates samples of each plot were cut at soil surface to determine harvest index (HI), and biomass. A 1-m 2 quadrate was placed in each plot for counting number of spikes (bearing culms). Randomly 10-selected plants were used for the number of grains per spike by threshing individually of 10 randomly selected spikes per plot. The 1000-grain weight (TGW) was measured by taking a random sample of whole grains using grain counter, re-dried at 70 • C for 48 h. The grain yield was measured by harvesting whole plot for treatments (25 × 6 m) including two quadrates [52] . Maize biomass was measured at the early dough stage by weighing all fresh above ground (total plant consisting ears) from six middle rows of each plot. Randomly 10-selected plants were used for determining plant height (from the soil surface to the first branch of tassel), leaf number per plant, stem diameter (between first and second node), and ear (dehusked ear) weight [53] .
Water productivity was computed using the following equation [1] :
where: 
Data Analysis
Collected data were analyzed using SAS statistics software (SAS Institute 8.0.2, 2003) [54] . The data for each year were further analyzed if the interaction between year and treatments was significant. Means comparison were performed using Tukey's honest significant difference (HSD) (p < 0.05).
Since the interactions between year and treatments (tillage and genotype) were not significant, two years of data were pooled in all parameters except for the spike per m 2 and grain yield, which were reported based on each year.
Results and Discussion
Soil Properties
Bulk Density
Bulk density at both soil depths was significantly affected by tillage practices (p = 0.0016 and <0.0001 at 0-10-cm and 11-20-cm soil depth respectively).
In general, soil bulk density was increased with an increase in soil depth ( Figure 2 ). The lowest soil bulk density was associated with CT practice at both soil depths. Higher soil bulk density at surface soil depth (0-10-cm) was observed 1.40 Mg m −3 and 1.36 Mg m −3 under NT and RT practices, respectively. The subsurface (11-20-cm) soil bulk density followed the trend of RT > NT > CT and later had 19% lower bulk density than former (Figure 2 ). Lower bulk density in both soil depths (0-10 and 11-20 cm) was observed under CT practice because of deep and heavy soil disturbance by using moldboard plough (up to 25-cm soil depth) followed disking. Similar results also reported by these researchers [14, 55] . The higher surface soil bulk density under NT practice related to minimum soil disturbance by eliminating prior tillage, which leads surface soil compactness and it could also be associated with low crop residue retention which leads rain drop beating effects on top soil [11, 12, 15] . Our results varied with the findings of other studies who showed lesser soil bulk density in the top layers under NT practice than that of CT practice, particularly in fine-textured soils, which was attributed due to development of an organic-rich mulch and possibly enhanced faunal activity. Whereas, there was no significant difference in soil bulk density between CT and NT practices in the deeper layers [12, 56, 57] . The presence of crop residues on soil surface prevents aggregate breakdown by direct raindrop impact as well as by rapid wetting and drying of soils. It was [58] also reported lower soil bulk density under NT practice relative to tilled plots but, it varies on length of the study, residue retention and soil type. Greater difference in soil bulk density between two depths under RT practice compared to CT practice was related to shallow tillage and soil disturbance up to 10 cm, which was attributed to subsurface soil compaction at plough pan. It could be due to direct physical compaction of heavy machineries traffic and repetitive cultivation at same depths [13, 29] . These results are also in line of our findings where 0-10 cm soil surface had lower soil bulk density 
Cumulative Water Infiltration
Cumulative water infiltration (CWI) was significantly affected by tillage practice in order of RT > CT > NT with the p = 0.001. Greater CWI was observed under RT (14.58 cm/150 min) and least in ZT (11.24 cm/150 min) practices, respectively (Figure 2 ). Higher CWI under RT and CT practices was probably due to greater porosity created by tillage within the plowed layer and lower soil bulk density (as discussed in preceding sections) [59] [60] [61] . Higher CWI under RT practice could also be attributed to incorporation of crop residue in top 0-15 cm soil depth, which leads better soil porosity and aggregation formation [13, 62] . Unlike the present study, other studies reported higher CWI under NT practice with residue retention as compared to CT practice. Leaving crop residue on soil surface under NT practice might have facilitated formation of continuous soil pores from the soil surface to depth [12, 63] , increased SOC, and reduced the runoff velocity, thereby water had more time to infiltrate [23, 27, 29, 64 ]. In our current study, the CWI was measured for short time (only for 150 min), but it could be resulted differently when, it was observed for longer duration over 24 h, then the percolation rate might be reduced due to plough hard pan under CT and RT practices. 
Cumulative water infiltration (CWI) was significantly affected by tillage practice in order of RT > CT > NT with the p = 0.001. Greater CWI was observed under RT (14.58 cm/150 min) and least in ZT (11.24 cm/150 min) practices, respectively (Figure 2 ). Higher CWI under RT and CT practices was probably due to greater porosity created by tillage within the plowed layer and lower soil bulk density (as discussed in preceding sections) [59] [60] [61] . Higher CWI under RT practice could also be attributed to incorporation of crop residue in top 0-15 cm soil depth, which leads better soil porosity and aggregation formation [13, 62] . Unlike the present study, other studies reported higher CWI under NT practice with residue retention as compared to CT practice. Leaving crop residue on soil surface under NT practice might have facilitated formation of continuous soil pores from the soil surface to depth [12, 63] , increased SOC, and reduced the runoff velocity, thereby water had more time to infiltrate [23, 27, 29, 64 ]. In our current study, the CWI was measured for short time (only for 150 min), but it could be resulted differently when, it was observed for longer duration over 24 h, then the percolation rate might be reduced due to plough hard pan under CT and RT practices. Soil organic carbon (SOC) was significantly varied amongst tillage practices (Figure 3) . The highest SOC was obtained under RT followed by NT, which were 34% and 13% greater than CT (p ≤ 0.0001). It was also observed that RT had significantly higher SOC than NT (Figure 3) . The lowest SOC in CT was attributed to intensive and deep tillage (moldboard plough followed by disking and tilling) in absence of crop residue which led to soil structure deterioration, possibly higher carbon mineralization rate and soil organic matter decomposition had facilitated carbon loss [13, 22, 65, 66] . No tillage practice reduced breakdown of macro-aggregates where carbon impounded which buildup higher SOC [13, 29] . The higher SOC in NT than CT were found in this study which is aligned with elsewhere other researchers' findings [67, 68] .
Total nitrogen (TN) was significantly influenced among tillage practices (p ≤ 0.0001) in order of NT > RT > CT with respective values of 0.34, 0.25, and 0.18% (Figure 3 ). Higher TN under conservation tillage (NT and RT) practices with residue retention as compared to conventional tillage (CT) practice might be due to N immobilization in crop residue and microbial biomass [19, [69] [70] [71] . Jat et al. [13] reported higher nitrogen concentration by 29 and 36% under RT and NT than CT. He also found higher nitrogen concentration at 15-30 cm soil depth under RT where crop residue was incorporated.
The C:N ratio is related to the deviations in soil carbon and nitrogen presence. The C:N ratio varied from 2.84 to 4.71 between tillage practices with p ≤ 0.0001 value. Soil C:N ratio was the lowest under NT practice (2.85) than RT (4.61) and CT (4.71) practices with no significant difference between the latter ones ( Figure 3) . The lowest C:N ratio under NT practice was mostly related to the more TN concentration [72] , which was similar with findings of Dikgwatlhe et al. [70] and Alijani et al. [19] . Slow crop residue decomposition due to less expose with soil particles under NT practice might have built up higher SOC and TN in the top layer [13, 67, 69, 70] . A significantly higher particulate carbon fraction and nitrogen under NT practice was associated more with fine fractions (20-30% higher than CT practice). The intra-aggregate particular organic matter carbon (POM-C) and nitrogen are The highest SOC was obtained under RT followed by NT, which were 34% and 13% greater than CT (p ≤ 0.0001). It was also observed that RT had significantly higher SOC than NT (Figure 3) . The lowest SOC in CT was attributed to intensive and deep tillage (moldboard plough followed by disking and tilling) in absence of crop residue which led to soil structure deterioration, possibly higher carbon mineralization rate and soil organic matter decomposition had facilitated carbon loss [13, 22, 65, 66] . No tillage practice reduced breakdown of macro-aggregates where carbon impounded which buildup higher SOC [13, 29] . The higher SOC in NT than CT were found in this study which is aligned with elsewhere other researchers' findings [67, 68] .
The C:N ratio is related to the deviations in soil carbon and nitrogen presence. The C:N ratio varied from 2.84 to 4.71 between tillage practices with p ≤ 0.0001 value. Soil C:N ratio was the lowest under NT practice (2.85) than RT (4.61) and CT (4.71) practices with no significant difference between the latter ones ( Figure 3) . The lowest C:N ratio under NT practice was mostly related to the more TN concentration [72] , which was similar with findings of Dikgwatlhe et al. [70] and Alijani et al. [19] . Slow crop residue decomposition due to less expose with soil particles under NT practice might have built up higher SOC and TN in the top layer [13, 67, 69, 70] . A significantly higher particulate carbon fraction and nitrogen under NT practice was associated more with fine fractions (20-30% higher than CT practice). The intra-aggregate particular organic matter carbon (POM-C) and nitrogen are physically better protected than other POM-C fractions in soil [67, [73] [74] [75] . The recent studies result also suggested that minimum physical disturbance under NT practice developed improve soil aggregates and greater accumulation of both coarse and fine iPOM-C and N fractions. Furthermore, the higher amounts of macro aggregates together with increased iPOM-C indicate to improve the soil carbon and nitrogen stocks under NT practice [73, 76] .
Wheat Grain Yield and Yield Components
There was no significant interaction between year and treatments (tillage practices and wheat genotypes) except for effective tillers and grain yield, therefore the data reported based on each year (Table 2) . Table 2) . The second year (2015-2016) better crop establishment under NT practice resulted higher number of effective tillers than those of CT and RT practices performed in 2014-2015. Conversely, the maximum and minimum number of effective tillers were observed under CT practice during 2014-2015 and 2015-2016 respectively and it was intermediate under RT practice in both years. Chamran and M-89-10 genotypes were produced the maximum and minimum numbers of effective tillers m −2 , respectively, in both years. The findings of other many studies [77] [78] [79] , who showed wheat effective tillers m −2 was significantly lower under CT practice compared to NT practice, confirmed the results of the second year of this study.
The grain yield was significantly affected by tillage practices in both years (Table 2 ). Wheat grain yield was higher under RT practice (3.43 t ha −1 ), with no significant difference with CT practice (3.23 tha −1 ) in both years (p = 0.0002 and 0.0061). Grain yield was consistently lower under NT practice than RT practice by 1.2 t ha −1 and 0.52 t ha −1 which was 50 and 23% in 2014-2015 and 2015-2016, respectively ( Table 2 ). The poor grain yield under NT practice could be related to lower irrigation water application by 36% and 23% than those of CT and RT practices. Lower irrigation water application might be not supplied enough water to plant at critical wheat growth stages like grain filling and physiological maturity, while peak terminal heats and high evapotranspiration pressure, resulted in lower 1000-grain weight (Table 3) . It was also probably due to higher soil bulk density and lower water infiltration (Figure 2 ), which could be associated with lower soil moisture in root zones under NT with no residue [63] . In addition to above, there are still need further refinement and improvement for NT planters in Iran which may help for better crop establishment. In contrast, these researchers [29, 68, 80, 81] reported increase in wheat grain yield under NT practice than CT practice. The NT practice effects on wheat grain yield may improve with time in longer-term continuous NT practice [25] . The positive wheat grain yield response to RT practice, which was observed in this study, was also in line with other studies [19, 77, 78, 82] that found that wheat grain yield was significantly greater under RT practice than CT practice. Thousand grain weight (TGW) was affected by tillage practices (Table 3 ). The CT practice significantly improved TGW (37.33 g) over both RT and NT (35.03 g) practices (p = 0.0137). Lower TGW under NT and RT practices could be due to water stress at grain filling stage as both treatments received lower irrigation water than that of CT practice. The TGW and grains per spike varied in wheat genotypes (p ≤ 0.0001). Chamran cultivar produced minimum TGW (31.58 g) and maximum grains per spike (39) , respectively compared to the other three genotypes ( Table 3 ). The TGW of Chamran tended to decrease when the number of effective tillers m −2 and grain per spike increased (Table 2) and (Table 3) . Apparently, wheat genotypes adjust yield components (effective tillers m −2 and grains per spike) when one component (TGW) is reduced [78] . The interaction between tillage practices and wheat genotypes was non-significant for yield components and irrigation parameters ( Table 2 ) and (Table 3 ). These results indicated that response of all genotypes to different tillage practices were similar. This could be explained by the fact that studied wheat genotypes were selected under the conventional tillage and none of them was developed specifically for NT practice [39, [41] [42] [43] .
Water Used and Water Productivity
The irrigation water application varied in years (p ≤ 0.0001) and among tillage practices (Table 3) . The total irrigation water application was higher in 2014-2015 (2230 m 3 ha −1 ) than 2015-2016 (1916 m 3 ha −1 ), and it was due to higher precipitation received in latter year (218 mm) than former (176 mm). Irrigation water used under CT practice (2358 m 3 ha −1 ) was the highest followed by RT practice (2130 m 3 ha −1 ) and the lowest under NT practice (1731 m 3 ha −1 ). Water used under NT practice was 36% and 23% lower than CT and RT practices, respectively. It was also observed that RT practice had 11% lower irrigation water application than CT practice (Table 3) . Similar trend was also noticed in total water used as rainfall amount was the same in all tillage practices. As irrigation water was applied on the basis of 4-cm water standing height in each plot. The higher water application under CT and RT practices could be attributed to higher initial water percolation, which could be due to deep tillage and slow forward water movement by more soil porosities during the irrigation. In the other hand, NT practice used lower irrigation water and it could be associated to surface compactness which facilitated rapid water movement and lower percolation during the irrigation. These results are in general agreement with other studies in this field [12, 68, 81, 83] .
Water productivity is the ratio of economic (grain) yield per unit of irrigation and/or precipitation. Therefore, irrigation water saving alone will not result in improved water productivity, if yield is compromised [84] . Wheat genotypes were not different in case of irrigation and input water productivity (Table 3) , and the slight differences between genotypes might be due to the variations in grain yield ( Table 2 ). Irrigation water productivity was affected by tillage practices (p = 0.0287). (Table 3) and it was the resultant of both increase in grain yield (Table 2 ) and less precipitation (Table 3) . Greater input water productivity was obtained under RT (0.84 kg m −3 ) practice. The RT input water productivity was 24% and 12% higher than NT and CT practices, respectively (Table 3 ). Higher (irrigation and input) water productivity under RT practice (Table 3) was mainly as a result of the higher grain yield (Table 2 ). These researchers [33, 68, 85] conversely found significantly higher irrigation and input water productivity under NT than CT practices.
Forage Maize
Tillage practices had significant effect on plant height and biomass (Table 4) . No-and reduced-tillage practices produced the shortest (174.5-cm) and tallest (187.2-cm) maize plant, respectively, with no significant difference between later and CT (185.8 cm) practice. Under NT, plant height was about 7% lower than other tillage practices (Table 4) . Forage maize biomass response to RT practice was significantly higher than CT and NT practices. The average biomass of forage maize under RT practice was 8 and 20% greater than CT and NT practices, respectively (Table 4) . Biomass variation between tillage practices was associated with lower plant height, lesser number of leaves per plant and lower ear weight under NT practice than those of under RT and CT practices. The biomass increases under RT and CT practices was presumably related to better crop establishment and higher irrigation water applied (data not shown). Lower biomass production under NT practice might be also attributed to higher soil bulk density and lower water infiltration ( Figure 2 ) and [86, 87] . No tillage practice decreased biomass by 20 and 11% compared to RT and CT practices, respectively. These findings are similar to these researchers [10, 14, 88] but different from this [68] , who showed maize yield under NT practice increased by 30% compared to CT practice, while [22, 89, 90] observed no consistent differences in maize yield between conventional and conservation tillage practices.
Conclusions
The data presented in this study demonstrated significant effects of tillage on soil properties, crop yield, and water productivity. Conventional tillage practice had lower soil bulk density and higher cumulative water infiltration. Conservation tillage (RT and NT) practices showed higher SOC and TN and lower C:N ratio. Wheat grain yield and forage maize biomass were in order of RT > CT > NT. The irrigation water used under NT practice was found to be minimum. It needs further researches on irrigation scheduling and may help to improve the yield of both wheat and maize under no-till practice. Tillage × genotype interaction was non-significant for most parameters, it suggested to researchers, all selected four wheat genotypes/varieties are equally suitable for both conventional and no-till condition. Further research is strongly recommended to evaluate more diversified wheat genotypes to select those adapted to conservation tillage practices under different environment and management. Therefore, there is an urgent need to conduct more research on irrigation water scheduling and further improvement on machinery and their long-term effects on soil health and crop productivity.
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